Background & Aims: Differentiating symptoms of irritable bowel syndrome (IBS) from those of organic intestinal disease is a familiar problem for physicians. The aim of this study was to assess the sensitivity, specificity, and odds ratios (ORs) of fecal calprotectin, small intestinal permeability, Rome I criteria, and laboratory markers of inflammation (erythrocyte sedimentation rate [ESR], C-reactive protein [CRP], blood count) in distinguishing organic from nonorganic intestinal disease. Methods: A total of 602 new referrals to a gastroenterology clinic who had symptoms suggestive of IBS or organic intestinal disease were studied for these parameters. All patients underwent invasive imaging (barium/ endoscopic examination) and other investigations as appropriate, with physicians blinded to the results of fecal calprotectin and intestinal permeability. Results: A total of 263 patients were diagnosed with organic disease and 339 with IBS. At 10 mg/L, the sensitivity and specificity of calprotectin for organic disease were 89% and 79%, respectively, and that of intestinal permeability for small intestinal disease were 63% and 87%, respectively. Sensitivity of positive Rome criteria for IBS was 85% with a specificity of 71%. An abnormal calprotectin test had an OR for disease of 27.8 (95% confidence interval [CI], 17.6 -43.7; P < 0.0001) compared with ORs of 4.2 (95% CI, 2.9 -6.1; P < 0.0001) and 3.2 (95% CI, 2.2-4.6; P < 0.0001) for elevated CRP and ESR values. An abnormal permeability test gave an OR of 8.9 (95% CI, 5.8 -14.0; P < 0.0001) for small intestinal disease. The OR for IBS with positive Rome criteria was 13.3 (95% CI,. Conclusions: Fecal calprotectin, intestinal permeability, and positive Rome I criteria provide a safe and noninvasive means of helping differentiate between patients with organic and nonorganic intestinal disease.
Background & Aims: Differentiating symptoms of irritable bowel syndrome (IBS) from those of organic intestinal disease is a familiar problem for physicians. The aim of this study was to assess the sensitivity, specificity, and odds ratios (ORs) of fecal calprotectin, small intestinal permeability, Rome I criteria, and laboratory markers of inflammation (erythrocyte sedimentation rate [ESR] , C-reactive protein [CRP] , blood count) in distinguishing organic from nonorganic intestinal disease. Methods: A total of 602 new referrals to a gastroenterology clinic who had symptoms suggestive of IBS or organic intestinal disease were studied for these parameters. All patients underwent invasive imaging (barium/ endoscopic examination) and other investigations as appropriate, with physicians blinded to the results of fecal calprotectin and intestinal permeability. Results: A total of 263 patients were diagnosed with organic disease and 339 with IBS. At 10 mg/L, the sensitivity and specificity of calprotectin for organic disease were 89% and 79%, respectively, and that of intestinal permeability for small intestinal disease were 63% and 87%, respectively. Sensitivity of positive Rome criteria for IBS was 85% with a specificity of 71%. An abnormal calprotectin test had an OR for disease of 27.8 (95% confidence interval [CI], 17.6 -43.7; P < 0.0001) compared with ORs of 4.2 (95% CI, 2.9 -6.1; P < 0.0001) and 3.2 (95% CI, 2.2-4.6; P < 0.0001) for elevated CRP and ESR values. An abnormal permeability test gave an OR of 8.9 (95% CI, 5.8 -14.0; P < 0.0001) for small intestinal disease. The OR for IBS with positive Rome criteria was 13.3 (95% CI, 8.9 -20.0). Conclusions: Fecal calprotectin, intestinal permeability, and positive Rome I criteria provide a safe and noninvasive means of helping differentiate between patients with organic and nonorganic intestinal disease.
G astroenterologists are often faced with the diagnostic difficulty of differentiating patients with irritable bowel syndrome (IBS) from those with intestinal pathology, in particular inflammatory bowel disease (IBD). Many symptoms are common to both conditions, including abdominal pain, bloating, excessive flatus, and altered bowel habit, whereas other clinical features such as a predominance of diarrhea and rectal bleeding will increase the likelihood of inflammatory disease. Because the clinical differentiation remains problematic, many patients in the IBS category are investigated extensively with invasive radiographic and endoscopic imaging to make a diagnosis of exclusion. This has significant implications for health care costs as well as exposing patients to the inherent risks associated with such investigative procedures.
The prevalence estimates for IBS indicate that 14%-24% of women and 14%-19% of men are affected by this condition in Britain and the United States. 1 These estimates have generally been based on patients fitting a number of symptom-based diagnostic criteria that have been developed to identify patients with IBS. The Manning 2 and other criteria [3] [4] [5] [6] have been widely used in clinical research; however, because there are no biological markers to define IBS, validation of such criteria has been difficult. There have been concerns regarding both the sensitivity and specificity of the criteria, which have ranged from 58% to 94% and 55% to 74%, respectively, in various studies, 2, 6, 7 with their discriminate value possibly affected by sex. 8 As a result, a consensus definition and criteria were developed, the Rome I criteria, 9,10 for IBS and other functional gastrointestinal disorders. A number of investigators [11] [12] [13] have recommended a straightforward approach to the evaluation and treatment of patients with IBS based on the use of the Rome criteria as a means of cost-effective management, avoiding the costly workup to sort through a confusing array of gastrointestinal symptoms. The stepwise assessment of pa-tients with suspected IBS based on positive Rome I criteria 1,12 includes a full blood count, erythrocyte sedimentation rate (ESR)/C-reactive protein (CRP), serum chemistry, thyroid function tests, and stool examination for parasites and ova to exclude organic diseases; however, as shown by Tolliver et al., 14 these parameters have a disappointing diagnostic yield in patients meeting the Rome I criteria. Despite these recommendations, the Rome I criteria are rarely used formally in routine clinical practice, although they may often be used as entry criteria for research studies in an attempt to standardize characteristics of patient groups.
The most striking difference between IBS and IBD is that the former is noninflammatory in nature. Therefore, one possibility is to measure surrogate markers of intestinal inflammation to differentiate between the two. Assessment of serologic markers (ESR, CRP) has in general been disappointing, probably because of their lack of sensitivity and specificity, because they are indirect measures of inflammation, and they can be affected by a number of nonintestinal diseases. The direct assay of feces for inflammatory markers has the potential to improve on the discriminant value of the serologic markers. Calprotectin, a calcium-binding protein found in neutrophilic granulocytes, monocytes, and macrophages, 15 comprising up to 60% of the total cytosolic protein content of neutrophils, 16 resists metabolic degradation 16 and can be measured in feces. Its use has been extensively validated, showing consistent abnormalities in patients with IBD, colorectal carcinoma, and nonsteroidal enteropathy. [17] [18] [19] [20] [21] [22] [23] Tests of intestinal permeability (differential urinary excretion of lactulose/L-rhamnose) have been shown to be sensitive for the detection of patients with inflammation of the small intestine, including that due to celiac disease, Crohn's disease, and intestinal infections. The principle of the differential urinary excretion of 2 orally administered test probes is that premucosal and postmucosal determinants of their excretion are equal. Hence, the ratio of lactulose/L-rhamnose becomes a specific index of intestinal permeability and has been proposed as a diagnostic screen for small bowel disease. 24 The aims of this study were to (1) determine if the use of fecal calprotectin and intestinal permeability are useful in differentiating between patients with organic and nonorganic disease and (2) compare the use of these 2 markers of intestinal inflammation with conventional laboratory parameters and the symptom-based Rome I criteria in differentiating between such patients.
Materials and Methods
We prospectively studied 602 consecutive patients referred to and seen in a gastroenterology outpatient department of a teaching hospital by general practitioners in South London. All patients had clinical symptoms suggestive of organic small or large intestinal disease or IBS that had not responded to therapy instituted by the primary care physician and were of sufficient severity for further consultation and investigation to exclude organic pathology. A total of 231 men and 371 women were recruited (median age, 40 years; range, 18 -90 years). Figure 1 shows the principal symptoms for which patients were referred according to their final diagnosis after all investigations were complete. A total of 275 patients referred for investigation of symptoms of esophageal reflux, symptoms clearly associated with gastroesophageal pathology, or functional or isolated dyspepsia (defined as a combination of symptoms related to food with localization in the upper abdomen, including epigastric pain or discomfort, bloating, belching, and nausea without symptoms of colicky abdominal pain or alteration in bowel habit at time of referral) were not included. Exclusion criteria were determined at first consultation, before investigation and classification by Rome criteria, and these patients were excluded from the study at this point. However, patients with dyspepsia in addition to intestinal symptoms were recruited into the study. Patients with a previously known diagnosis of IBD, colorectal carcinoma, and serious cardiopulmonary, hepatic, renal, neurologic, and psychiatric disease were also specifically excluded All patients underwent clinical evaluation by one of 4 gastroenterologists at Kings College Hospital, including history and full physical examination. All patients underwent an invasive diagnostic imaging procedure (barium enteroclysis/ enema and/or endoscopy/colonoscopy) of the gastrointestinal tract appropriate to their symptoms (see Results), with the decision on type of imaging procedure made with the investigating clinician blinded to results of laboratory parameters and Rome classification. Patients were specifically asked about those symptoms included in the Rome I criteria by questionnaire 9, 10 (Table 1 ) and were subsequently classified by a separate investigator as having positive or negative Rome I criteria. Rome I criteria were used because the study began before the introduction of Rome II definitions. 25 All patients provided a single stool sample for fecal calprotectin assay, underwent a lactulose/L-rhamnose small intestinal permeability test, and provided blood for routine assay of full blood count, ESR, CRP, and thyroid and liver function tests; normal values were previously established by the relevant chemical pathology laboratory. Patients with diarrhea as a prominent symptom or a history of rectal bleeding underwent rigid sigmoidoscopy and rectal biopsy at first visit and provided 3 stool samples for microscopy, culture, and sensitivity. Additional investigation was left to the discretion of the investigating clinician, who was blind to the fecal calprotectin and intestinal permeability results. In view of the fact that use of nonsteroidal antiinflammatory drugs (NSAIDs) may affect intestinal permeability and levels of fecal calprotectin, 23 use of this drug class in the preceding 3 months was determined. Fifty-seven patients had taken NSAIDs during this time period; 35 were taking a therapeutic dose on a regular basis and 22 had taken NSAIDs on an as-needed basis, none within 2 weeks of being seen as outpatients.
The final diagnosis was based on normality of conventional investigation, including results of inflammatory parameters, imaging procedures, and the judgment of the investigating clinicians (who were blinded to formal Rome classification outcome as well as the calprotectin and permeability results).
After patients had completed all diagnostic investigations and had a firm diagnosis, they were followed up for 3 months, at which time they were grouped as having organic or nonorganic intestinal disease for statistical analysis.
The study was approved by the Kings Healthcare Local Research Ethics Committee, and all patients gave informed consent.
Lactulose/L-Rhamnose Small Intestinal Permeability Ratio
Patients fasted overnight and ingested 100 mL of iso-osmolar test solution at 8 AM as previously described, 26 followed by a further 2-hour fast. Complete 5-hour urine collections were made into a container containing 1 mL (10% wt/vol) mercurithiosalicylate (Merthiolate) as a preservative. Analyses of the sugars were performed by thin-layer chromatography and scanning densitometry, 27 which is accurate (with recovery Ͼ90%), sensitive (minimum level of detection Ͻ1 mg/100 mL), and precise (coefficient of variation for the whole procedure between 2% and 8% without replication). The normal differential urinary excretion of lactulose/L-rhamnose of Ͻ0.05 (95% confidence interval [CI ], 0.012-0.05) was established previously. 26 
Measurement of Fecal Calprotectin
Patients provided a single stool sample for measurement of calprotectin that was submitted within 48 hours. Handling of stool and quantitation of calprotectin by enzymelinked immunosorbent assay (ELISA) was as previously described. 18, 23 In brief, 5-g aliquots were homogenized for 45 seconds at 20,000 rpm with an Ultra Turrax (Ika Werke, Germany) mechanical homogenizer with 10 mL Tris-buffered saline containing 10 mmol/L CaCl 2 and 0.25 mmol/L thimerosal as an antimicrobial agent (pH 8.4). Supernatants were collected after centrifugation. In the ELISA, an immunoglobulin G fraction of rabbit anti-calprotectin 15 was used for capture, and immunoaffinity purified alkaline phosphatase conjugated antibody was used for development. 18 The ELISA has an intra-assay variation of 2% and interassay variation of Ͻ15% with normal values Ͻ10 mg/L (range, 0.5-10.9; n ϭ 48).
Statistical Analysis
Normal values for ESR, CRP, liver function tests, full blood count, fecal calprotectin, and lactulose/L-rhamnose permeability ratio were previously defined. Receiver operator curve (ROC) analysis 28 was performed for each variable to determine sensitivity and specificity values for distinguishing organic and nonorganic disease, as well as calculating the positive predictive value (PPV) and negative predictive value (NPV) for each variable. For the purposes of assessing the value of the permeability ratio in detecting small bowel disease to which it is applicable, patients with large bowel organic disease were classified as nonorganic when calculating the above values for this measure. The Shapiro-Wilks W test for the normal distribution 29 showed the results to be nonnormally distributed; therefore, median values and ranges were calculated for each continuous variable for the 2 disease group classifications. Statistical comparison was performed using the Mann-Whitney nonparametric test.
The odds ratio (OR) of having organic disease with an abnormal variable was calculated for each parameter by logistic regression. Multiple logistic regression analysis using the Cox model 30 was performed using all variables to determine those that best differentiated organic from nonorganic disease. Logistic regression analysis was used to determine the OR of having different subtypes of disease (small bowel, large bowel, or nonorganic disease) using a combination of fecal calprotectin, small intestinal permeability, and Rome criteria. Sensitivity, specificity, PPV, and NPV were calculated for each of the combinations of the above parameters in differentiating between subtypes of disease. Statistical significance was tested using 2 . 
Results

Patient Diagnosis
Each patient underwent one or more invasive diagnostic imaging procedures of the gastrointestinal tract as the gold standard, appropriate to their symptoms. In total, 372 patients had a full colonoscopy (including terminal ileal intubation), 5 had an endoscopic retrograde cholangiopancreatography, 15 had an enteroscopy, and 85 had an esophagogastroduodenoscopy, of whom 38 had both a colonoscopy and esophagogastroduodenoscopy. A further 65 patients had incomplete colonoscopy and underwent barium enema examination to visualize the remainder of the colon. Enteroclysis was performed if small intestinal disease was believed to be likely based on clinical symptoms and routine blood investigations. A barium enema was performed in 153 patients (over and above those performed following an incomplete colonoscopy), 150 patients had a barium enteroclysis, and 13 patients had both barium procedures.
Of the 602 patients recruited, 263 patients were finally classified as having organic intestinal disease and 339 as nonorganic disease (Table 2 ). A total of 129 patients had small intestinal disease with and without colonic disease, and 134 had colonic disease only. Patients with both small and large bowel Crohn's disease were classified as having small bowel disease for the purposes of statistical analysis when assessing the value of the small intestinal permeability test.
NSAID enteropathy was diagnosed in the presence of otherwise unexplained iron deficiency anemia in patients taking NSAIDs, improvement of diarrhea following discontinuation of NSAIDs, or following enteroscopy (also used for the diagnosis of alcoholic enteropathy) showing characteristic mucosal hemorrhagic lesions or discrete ulcers. 31 Of the 35 patients taking NSAIDs regularly, 13 (37%) had an eventual diagnosis of NSAID enteropathy, whereas the remainder and those taking NSAIDs on an as-needed basis all had an eventual diagnosis of IBS. Table 2 shows the final diagnosis in the 602 patients, the site of disease, and fecal calprotectin/permeability levels in the different diagnostic groups. Figure 2 shows the fecal calprotectin levels in the different diagnostic groups. The fecal calprotectin levels in all organic diagnostic groups differed significantly (P ϭ 0.001 to Ͻ0.0001) from that in the nonorganic group except for the group with diabetic diarrhea (P ϭ 0.06). Sensitivity and Specificity of Tests for Diagnostic Groups Table 3 shows the sensitivity and specificity of the individual different parameters in identifying patients with organic and nonorganic intestinal disease as determined by ROC analysis. ROCs for fecal calprotectin ( Figure 3 ) and intestinal permeability (Figure 4 ) are shown. The maximal sum of sensitivity and specificity for fecal calprotectin is achieved at a value of 10 mg/L, the same as that previously defined as the cutoff value for normality. Fecal calprotectin had a significantly higher sensitivity (P Ͻ 0.0001) for organic disease than ESR and CRP. For intestinal permeability, the maximal sum of sensitivity and specificity for identifying patients with small bowel disease is achieved over the permeability ratio range of 0.04 (sensitivity, 71%; specificity, 79%) to 0.05 (sensitivity, 63%; specificity, 87%), with the latter our cutoff value for normality. ROC analysis for hemoglobin concentration, liver and thyroid function tests, and patient age or sex did not show any significant discriminant value for these parameters.
In view of the fact that patients with clinical "red flags" (anemia, weight loss, or rectal bleeding) are likely to need investigation irrespective of laboratory parameter results, we assessed the sensitivity and specificity of fecal calprotectin, ESR, and CRP in detecting disease in a subgroup of patients believed to be at low (Rome positive and red flag negative) or medium (Rome negative and red flag negative) risk of organic disease if a 3-tiered, clinically practical system of investigation was used (red flags and Rome criteria followed by laboratory inflammatory parameters). Of 281 low-risk patients, 40 (14%) were found to have organic disease (3 with diverticular disease, 3 with diabetic diarrhea, 5 with celiac disease, 16 with ileal Crohn's disease, 7 with colonic Crohn's disease, and 6 with microscopic/collagenous colitis). Fourteen of these would have been identified by performing an ESR and CRP (sensitivity, 35%; specificity, 73%), whereas 36 (sensitivity, 90%; specificity, 80%) were identified by the calprotectin assay, including all of those identified by ESR and CRP. Of 263 medium-risk patients, 95 were found to have nonorganic disease. The respective sensi- tivity and specificity for detecting organic disease were 58% and 73% for ESR and CRP and 89% and 77% for calprotectin. Table 4 shows the PPV and NPV for each of the individual laboratory parameters for organic disease; the PPV for the Rome I criteria are for IBS and those for intestinal permeability for organic small intestinal disease. Fecal calprotectin and the Rome I criteria seem to provide the best set of predictive values. Table 5 shows the median values and ranges for each of the laboratory parameters in the organic and nonorganic groups. Statistical significance of differences in individual parameters between organic and nonorganic groups is greatest for fecal calprotectin (P Ͻ 0.0001).
PPV and NPV of Tests for Diagnostic Groups
ORs for Diagnostic Groups
The ORs for having organic disease with an abnormal result are shown for each of the laboratory parameters in Table 4 . The OR for having organic intestinal disease with an elevated fecal calprotectin level is 27.8 compared with an elevated CRP and ESR in which the OR for organic disease is 4.2 and 3.2, respectively. The OR for having IBS with positive Rome I criteria was 13.3 and for having organic small intestinal disease with an abnormal permeability ratio was 8.9. Table 6 shows the sensitivity, specificity, PPV, NPV, and OR of combinations of different parameters in differentiating between diagnostic groups.
Combinations of Parameters in Distinguishing Between Diagnostic Groups
When all parameters were considered together in a multiple logistic regression analysis to differentiate patients with organic/nonorganic intestinal disease, only fecal calprotectin (OR for organic disease, 21.3; 95% CI, 12.1-27.2; P Ͻ 0.0001), positive Rome I criteria (OR for IBS, 7.3; 95% CI, 4.2-12.8; P Ͻ 0.0001), and an abnormal permeability ratio (OR for organic disease, 2.0; 95% CI, 1.0 -4.0; P ϭ 0.04) remained significant.
Because an abnormal small intestinal permeability test should identify patients with organic small intestinal disease and an abnormal fecal calprotectin test should identify patients with organic disease within both the small and large intestine, the combination of these 2 parameters was analyzed to examine how well they identified the site of organic disease.
Patients with an abnormal permeability ratio and elevated fecal calprotectin level compared with all other patients had an OR of organic small intestinal disease of 15.0 (95% CI, 8.9 -25.0; P Ͻ 0.0001).
Forty-five of the 602 patients had an increased permeability test with a normal calprotectin level, of whom 10 had an organic diagnosis. Of these, 5 patients had untreated celiac disease, 1 patient had diabetic diarrhea with rapid small intestinal transit, 3 patients had quiescent terminal ileal Crohn's disease determined from terminal ileal biopsy specimens, and 1 patient had proctitis.
Patients with a normal intestinal permeability and elevated fecal calprotectin level had an OR for organic colonic intestinal disease of 13.3 (95% CI, 8.3-21.3; P Ͻ 0.0001), and patients with both a normal intestinal permeability ratio and fecal calprotectin level had an OR for IBS of 25.0 (95% CI, 15.3-40.6; P Ͻ 0.0001).
If patients had positive Rome I criteria and a combination of both a normal permeability and fecal calprotectin level, the OR for IBS was 46.1 (95% CI, 20.0 -106.4; P Ͻ 0.0001).
Discussion
This study shows both fecal calprotectin level and the Rome I criteria to be significantly better screening discriminates of patients with organic or nonorganic intestinal disease (OR, 27.8 and 13.3) than some other commonly used laboratory parameters, such as CRP (OR, 4.2) and ESR (OR, 3.2). In addition, the differential urinary excretion of lactulose/L-rhamnose is a good predictor of small intestinal disease (OR, 8.9). We have also shown that both the site and likelihood of organic disease can be reasonably predicted using a combination of a small intestinal permeability test and fecal calprotectin as an initial screening test in patients with symptoms that are compatible with both IBS and organic bowel disease.
Up to 70% of persons with IBS do not seek medical attention. [32] [33] [34] Despite this, IBS accounts for up to 12% of primary care consultations, 29% of whom are referred, and 28% of referrals to specialist gastroenterology practice. 35, 36 A significant proportion of those who are referred to gastroenterologists may have already been reassured that their symptoms are compatible with those of IBS but, failing to respond to a variety of therapies, these patients are referred for further reassurance and/or investigation.
The lack of a gold standard for the diagnosis of IBS makes this type of study difficult. We have tried to firmly establish the diagnosis by various means; all patients underwent some form of invasive examination of the gastrointestinal tract, although the choice of procedure was determined by clinical judgment rather than using a standardized protocol. The 3-month follow-up of patients following classification with organic or nonorganic disease before statistical analysis was used to allow time to reclassify patients depending on symptoms and further investigation. The Rome I criteria were developed to aid physicians in the positive identification of patients with IBS in an attempt to develop a costeffective management strategy. It was hoped that this would reduce the number of invasive investigations performed to make what has traditionally been termed a diagnosis of exclusion. We have shown in accordance with others, 2,4,9,10 who found sensitivities of 64%-90% and specificities of 55%-99% in similar cohorts of patients, that symptom-based criteria may be used to identify patients with a significant likelihood of having IBS (OR, 13.3; sensitivity, 85%; specificity, 71%). Despite recommendations regarding the use of such criteria in establishing a positive diagnosis at the first clinical encounter, 1,37 their use is not universal and has largely been confined to use as entry criteria into research studies of patients with IBS. 38 -42 The concern for gastroenterologists is that, with the diverse symptomatology associated with IBS, a number of patients with organic intestinal disease will be incorrectly diagnosed if substantial reliance is placed on clinical criteria alone and therefore feel compelled to use invasive diagnostic investigations to increase diagnostic confidence. This concern is supported in part by our study, in which almost one third of all patients who were shown to have organic intestinal disease actually fulfilled the Rome I criteria for the diagnosis of IBS. It is reasonable to argue that patients with clinical red flags warrant invasive investigation irrespec- tive of laboratory parameters and that a more clinically practicable approach would be to assess the use of such parameters in subgroups of patients (low/medium risk of organic disease) following a clinical assessment and categorization by Rome criteria. In our study population, a surprisingly small number had red flags; most of these patients had ulcerative colitis. This low number may be due to our definition of rectal bleeding; if patients described blood confined to the tissue paper or dripping into the pan and were found to have hemorrhoids at rigid sigmoidoscopy, they were classified as red flag negative. In addition, our local referral policy for primary care physicians is that patients with rectal bleeding are referred to our colorectal surgeons, possibly causing a bias in the number of patients we see with red flags. Furthermore, some might argue that the list of red flags could be widened to include features such as nocturnal symptoms, family history, and so on. We have shown in a subgroup analysis that the sensitivity and specificity of calprotectin is unaffected when used in a 3-tiered system of investigation of patients believed to be at low or medium risk of organic disease. If used in the low-risk group, it correctly identifies 90% of those with organic disease, detecting an additional 22 patients (55%) compared with ESR and CRP. If used in the medium-risk group, it correctly identifies 77% of those who have nonorganic disease with a sensitivity for organic disease of 90%. Therefore, in the medium-risk group, fecal calprotectin may help the clinician determine the symptomatic threshold at which patients warrant invasive investigation. Fecal calprotectin is a sensitive marker of acute intestinal inflammation due to a wide variety of causes, and levels have been shown to correlate with intestinal inflammatory activity as assessed by 4-day fecal 111 Indiumlabeled leukocyte studies. 23, 43 It identifies patients with IBD (in whom levels may be used to predict impending relapse of disease), 17, 43, 44 patients with NSAID enteropathy, 23 and patients with colorectal carcinoma/adenoma, 19, 22, 45 in all of which there is increased neutrophil recruitment to the inflamed or ulcerated intestinal mucosa. To date, no study has assessed the use of fecal calprotectin in differentiating patients with commonly encountered organic intestinal diseases from those with IBS.
The potential strength of fecal calprotectin assessment is that it is a direct measure of mucosal inflammatory activity that may be detected at a level insufficient to cause an increase in ESR and CRP, and levels in the stool seem to be unaffected by a variety of nonintestinal conditions, which may result in an elevation of the systemic inflammatory markers. 23 This is reflected in the greater sensitivity, specificity, PPV, and NPV of fecal calprotectin compared with those for ESR and CRP (Tables 3 and  4) . Both of the latter, when used in isolation, give significant ORs for predicting organic disease (ESR, 3.2; CRP, 4.2) but are inferior compared with fecal calprotectin (OR, 27.8). When assessed by the multiple logistic regression model, both ESR and CRP provide no additional discriminatory value over and above calprotectin and Rome I criteria in distinguishing between patients with organic and nonorganic disease.
Patients with diabetic diarrhea were the one organic disease group that was not identified by the fecal calprotectin test. The pathogenesis of diabetic diarrhea is incompletely understood but likely to involve alterations in intestinal transit times as an important cause of symptoms in a substantial number of patients. If so, the inflammatory component of the syndrome may be absent or of insufficient severity to affect fecal calprotectin levels, and a case could be made for including this group within the nonorganic disease group for the purposes of this study. The same scenario might apply to patients with postinfectious IBS, in which the time frame between the infective inflammatory episode and investigation for IBS may affect the result of the fecal calprotectin test, such that, as in all cases, the clinician's judgment regarding the degree of invasive investigation remains paramount. Patients with diverticular disease were included in the organic disease group because 10%-25% of such patients have an inflammatory component to the disease, as evidenced by an acute inflammatory infiltrate seen in peridiverticular biopsy specimens. Because biopsy specimens are not taken as a matter of routine from these patients at colonoscopy, we were unable to discriminate between those with and without active inflammation. If the 14 patients with diverticular disease are included in the nonorganic disease group, the ORs for the detection of organic disease using fecal calprotectin do not change significantly (OR, 26.5; 95% CI, 16.5-42.4). We also did not exclude patients taking NSAIDs from our study. NSAID enteropathy was diagnosed in 13 patients (40% of those taking regular NSAIDs), in keeping with prevalence rates from previous studies using a variety of diagnostic techniques. 23, 46, 47 Intestinal permeability is abnormal in a wide variety of conditions affecting the small intestine. 24 This may be a cause or consequence of inflammation. 27, 48 We have shown differential urinary excretion of lactulose/L-rhamnose to have a sensitivity for organic small intestinal disease of 63% with a specificity of 87%. The permeability test had a lower sensitivity for small intestinal disease than the fecal calprotectin test (sensitivity of 86%). The use of the intestinal permeability test in conjunction with a fecal calprotectin test can nevertheless be helpful in determining the site of intestinal inflammation. Patients in whom the fecal calprotectin level is elevated with an increase in intestinal permeability have an OR of small intestinal disease of 15.0 (Table 6) . Combining the results of these diagnostic tests does not compromise the sensitivity or PPV (which is improved) in identifying patients with small intestinal disease and enhances the specificity when compared with the use of permeability in isolation. The significance of an elevated intestinal permeability with a normal calprotectin level is unclear. Although this could represent a level of intestinal barrier disruption of insufficient intensity to cause inflammation, it is more likely due to the fact that our cutoff limit of 0.05 is defined by the 95% CI of normal values and therefore 5% of apparently healthy individuals will be outside the normal range. Patients with an elevated fecal calprotectin level and normal intestinal permeability have an OR for colonic disease of 13.3, whereas normality of both tests gives an OR for nonorganic disease of 25. It should be emphasized that such combinations of test results are useful only in directing the clinician toward investigation of the small or large bowel and are not a diagnostic test. Finally, if this last combination of the permeability and calprotectin tests is combined with fulfillment of the Rome I criteria, the OR of IBS is 46, which is an exceptionally high likelihood associated with both a high specificity and PPV. Although this latter combination is associated with a sensitivity of 50%, it should be remembered that these are not diagnostic tests for IBS but rather that normality infers an absence of organic disease. By combining the results of 3 different tests (calprotectin, permeability, and Rome criteria) in a predictive model, a variance from the model of any of the 3 tests will have an adverse effect on the NPV. Hence, although this combination is only associated with an NPV of 61% (i.e., 49% of patients who do not fit the model will have organic disease), it is not being used to make a diagnosis of organic disease, which is better done using a calprotectin result alone. In addition, although predictive diagnostic models such as these are useful in helping clinicians decide how extensively to investigate patients, their ultimate decision will be influenced by clinical factors that may not be part of the Rome criteria, as may be the case for patients who fit into a high-risk group for colorectal cancer based on age or family history.
The patients studied were those referred to a specialist gastroenterology unit, including those believed to have refractory IBS, a proportion of whom will inevitably be found to have organic disease. Although this may have an impact on the results if applied to a wider population, it may be that patients with milder symptoms of IBS who are not referred may be less likely to have organic disease and even more likely to have a negative screening test, thereby improving the PPV and NPV of the Rome criteria and calprotectin/permeability tests. We do not propose the use of the fecal calprotectin test as an initial screen in a primary care setting until such a population has been studied, in which the different cutoff values would have to be validated, but our results support its use in the algorithm for the workup of suspected nonorganic disease 13 following specialist referral.
If the calprotectin method is considered a "screening" procedure for a similar group of patients as described in this study, the questions of practicality and cost arise. All the patients in this study provided a sample without major difficulty, and a recent audit of our services (in which patients referred as gastroenterology outpatients are sent instructions and materials to perform the test before consultation) showed a 96% compliance. The cost of the assay is more difficult to assess because local pay scales for laboratory technicians vary. However, the calprotectin assay is available as a standard ELISA (Calprotech Ltd., Oslo, Norway) that can be performed in any clinical diagnostics laboratory. The cost of the calprotectin assay ($500 for 40 patients) would seem to compare favorably with many other diagnostic inflammatory parameters used in the investigation of patients with gastrointestinal disease.
In comparison with both endoscopy and contrast radiography, the use of the Rome criteria, intestinal permeability, and fecal calprotectin tests provides a noninvasive, safe, and effective means of screening patients for the presence of organic intestinal disease. Their combined use may help provide clinicians with objective evidence for the presence or absence of organic disease and aid in deciding which invasive investigations to request (small or large bowel studies) or possibly avoid in cases in which these parameters indicate that the diagnosis is IBS.
